The incidence of diabetes is increasing, and the disease has become an important predictor of prognosis in patients with coronary artery disease (CAD), although adverse events often occur without warning. Thus, risk stratification of diabetic CAD patients is important for secondary prevention. This study tests the hypothesis that brachial-ankle pulse wave velocity (baPWV), a marker for arterial stiffness obtained by simple and noninvasive automated devices, can be a risk stratification index to predict prognosis in diabetic patients with CAD. The prognosis of CAD patients with diabetes in the Shinken Database cohort study was investigated by dividing patients into two groups based on baPWV measurements. The composite endpoint was death, nonfatal myocardial infarction, repeat revascularization or readmission for heart failure. Data were available on 564 CAD patients, with a median follow-up of 25.4 months. Of these patients, 191 had type 2 diabetes. The higher baPWV among diabetic patients was defined as a median baPWV of 1730 cm s -1 or more. The 3-year Kaplan-Meier estimates of event-free survival were 72.8% in diabetic patients with lower baPWV and 51.3% in those with higher baPWV, respectively (P¼0.031). Multivariate analysis revealed that a higher baPWV was independently associated with poorer short-term prognosis (hazard ratio, 1.97; 95% confidence interval, 1.01-3.84) in diabetic CAD patients. In conclusion, baPWV, a marker for arterial stiffness, can be a risk stratification index for short-term prognosis in clinical practice, suggesting the need for further aggressive treatment and strict follow-up in CAD patients with diabetes and higher baPWV.
INTRODUCTION
The increasing prevalence of obesity has resulted in an upsurge in the incidence of diabetes mellitus, and consequently a continuing trend toward higher numbers of patients with complications of diabetes. 1 Diabetes mellitus is a major risk factor for the progression of atherosclerosis and cardiovascular diseases (twice the risk of incident myocardial infarction and stroke as that of the general population) and is also an important predictor for adverse events in patients with coronary artery disease (CAD). 2, 3 Meanwhile, 430% of patients with CAD have diabetes. 4 Despite the advances in coronary artery bypass grafting and percutaneous coronary intervention, the rate of occurrence of adverse cardiovascular events in diabetic patients is approximately 1.5-to 2-fold higher than in nondiabetic patients. [5] [6] [7] Therefore, treatment of diabetic patients with established CAD is crucial; current studies report that intensive glycemic control may be effective early in the course of diabetes, but that this treatment has a minimal or no role in the prognosis of patients with advanced atherosclerosis. [8] [9] [10] The treatment strategy and prognosis among diabetic CAD patients varies, and current guidelines do not risk stratify diabetic patients with established CAD. [11] [12] [13] Identifying a high-risk group among diabetic patients based on the degree of disease control and the duration of the disease is indispensable, but in real clinical practice it is often difficult to determine the duration of diabetes in patients. In addition, adverse cardiovascular events often occur without previous warning in these patients. [14] [15] [16] Accordingly, an improvement in the risk stratification for cardiovascular events in diabetic patients with established CAD is important for secondary prevention, and this measurement needs to be noninvasive and user friendly to facilitate its use in clinical practice.
Arterial stiffening is a manifestation of arteriosclerosis, leading to thickening and loss of elasticity in the arterial wall. One of the indicators of arterial stiffness is pulse wave velocity (PWV), mostly estimated by measuring carotid-femoral PWV. Owing to its time efficiency and technical simplicity, the measurement of brachial-ankle PWV (baPWV) has been proposed and used in the clinical setting. Its validity, reproducibility and high correlation with aortic PWV obtained by a catheter tip manometer have been previously reported. 17 Values of baPWV have been found to correlate with carotid-femoral PWV values 18 and have also been shown to be significantly associated with the presence and extent of atherosclerotic vascular diseases, 19, 20 cardiovascular risk factors in healthy adolescents, 21 microalbuminuria and QT interval prolongation in general subjects, 22, 23 and cardiovascular events in patients with heart failure 24 and acute coronary syndrome. 25 Moreover, baPWV has been found to be a marker of the efficacy of therapies intended to achieve regression of arterial stiffness. 26 However, the association between baPWV and the prognosis of CAD patients with diabetes has not been investigated. Therefore, we hypothesized that baPWV, a marker for arterial stiffness, can be a risk stratification index for prognosis in this population.
The Shinken Database is an ongoing hospital-based epidemiological study designed to assess the mortality and morbidity of Japanese patients with cardiovascular diseases and their risk factors. [27] [28] [29] On the basis of the hypothesis of this study, analyses were conducted in this patient cohort.
METHODS

Study population
The Shinken Database study population comprised all new patients who had visited the Cardiovascular Institute Hospital in Tokyo since June 2004 and did not meet any of the exclusion criteria, which included patients with cancer, patients living abroad and patients visiting on a single occasion without any examinations. This study was based on information recorded in the database between June 2004 and March 2007 (n¼6562). Among the subjects included in the database, patients diagnosed as CAD were identified and included in our study (n¼822). A total of 212 patients who did not undergo baPWV assessment, and 46 patients with peripheral artery disease (ankle-brachial index o0.9), aortic aneurysm or atrial fibrillation, were excluded. The remaining 564 patients were included in this study. Type 2 diabetes mellitus was observed in 191 of the patients included in the study. The study population was divided into two groups according to a median baPWV value among diabetic patients (1730 cm s -1 ); the lower baPWV group was defined by a baPWV o1730 cm s -1 and the higher baPWV group was defined by a baPWV of 1730 cm s -1 or more.
Written informed consent for inclusion into the Shinken Database was obtained from all participants. The data were transmitted to the Shinken Database center at the hospital, and all clinical outcomes were monitored by medical records, mail and/or telephone contact with the patients and their families.
Measurements of baPWV
The baPWV was measured using a volume-plethysmographic apparatus (Form/ABI; Colin, Komaki, Japan). Details about this instrument, its use and validation have been described elsewhere. 17 Briefly, patients were in the supine position and rested for at least 5 min before measurements were taken. The electrocardiographic electrodes were placed on both wrists and cuffs were wrapped around both brachia and ankles. Pulse volume waveforms at the brachium and ankle were recorded for 10 s using a semiconductor pressure sensor. Volume waveforms were stored with automatic gain analysis and quality adjustment. The baPWV was automatically calculated according to the following equation:
where La is the distance from the suprasternal notch to the ankle, Lb is the distance from the suprasternal notch to the brachium and T is the transit time between the brachial and ankle pulse waves. The highest baPWV on both sides was determined, and subsequent statistical analyses were performed using this value.
Definitions
Diabetes mellitus was defined by the presence of a history of antidiabetic therapy or as a combination of glycated hemoglobin A1c of 6.5% or greater and either fasting plasma glucose of 126 mg per 100 ml or greater or 2-h plasma glucose of 200 mg per 100 ml or greater. Body mass index was calculated as the weight in kg divided by height in m squared. Hypertension was defined as a systolic blood pressure of 140 mm Hg or greater, a diastolic blood pressure of 90 mm Hg or greater, or a history of antihypertensive therapy. Hyperuricemia was defined as a plasma uric acid of 7.0 mg per 100 ml or greater. Dyslipidemia was defined as a fasting total cholesterol of 220 mg per 100 ml or more, fasting triglycerides of 150 mg per 100 ml or greater, or a history of lipid-lowering therapy. Renal function was determined by an estimated glomerular filtration rate, calculated by using the glomerular filtration rate equation for Japanese subjects: 30 GFR ¼194Âðserum creatinineÞ À1:094 ÂðageÞ À0:287
Âð0:739 if femaleÞ
Blood sampling for the baseline lipid and glucose profiles was performed after a 10-12-h fast, although in some patients, especially in those with acute coronary syndrome, blood sampling was performed during the acute phase. CAD encompasses stable angina pectoris including silent myocardial ischemia, unstable angina, acute myocardial infarction and vasospastic angina. Acute coronary syndrome included unstable angina and acute myocardial infarction. Diagnoses were confirmed by coronary angiogram including fractional flow reserve, noninvasive tests (stress myocardial scintigraphy, treadmill, and stress echocardiography) and/or Holter-ECG. Angiographically significant stenosis was defined as a 50% or greater stenosis of a major epicardial coronary artery. Angiography findings were checked by more than three coronary interventional cardiologists. Repeat revascularization was defined as percutaneous coronary intervention or coronary artery bypass grafting for the target vessel after the index procedure or revascularization after the decision on medical treatment as a first-line strategy for CAD. Routine follow-up angiography was performed 6 to 9 months after the index procedure and the indication for revascularization was confirmed when patients had apparent myocardial ischemia by noninvasive assessment or in invasive hemodynamic measurements of fractional flow reserve. Information on baseline characteristics of patients, heart function (ejection fraction), their cardiac history, risk factors, the first therapeutic strategies for CAD (percutaneous coronary intervention, coronary artery bypass grafting or medical without invasive treatments) and medications (angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, b-blockers, statins, Ca channel blockers, aspirin, ticlopidine, cilostazole, nitrate, nicorandil or antidiabetic drugs) at baseline were obtained for all patients.
Study end points
The primary end point was death from any causes. The secondary end point was the composite of death, nonfatal myocardial infarction, repeat revascularization and readmission for heart failure.
Statistical analysis
Values were expressed as means ± s.d. Differences in frequencies were compared by w 2 analysis and differences between mean values were assessed using an unpaired t-test. The relationships between baPWV and the estimated glomerular filtration rate or number of diseased vessels were determined by calculations of Pearson's correlation coefficient. Cumulative event curves were plotted by the Kaplan-Meier method stratified according to the presence or absence of diabetes and a higher or lower baPWV; data on patients who were lost to follow-up were censored. The differences in unadjusted survival rates were calculated by log-rank test. The association between the baseline covariates and the outcomes was assessed using a multivariable Cox proportional hazards model. Eleven covariates of clinical relevance thought to impact the outcomes were incorporated into the models: age, gender, presentation (presence or absence of acute myocardial infarction), body mass index, the estimated glomerular filtration rate, presence or absence of hypertension, congestive heart failure on admission, presence or absence of dyslipidemia, use of drug eluting stents, coronary artery bypass grafting and progressive arterial stiffness defined as a baPWV of 1730 or greater. Analyses of data were performed using statistical software (SPSS version 14.0; SPSS Japan, Tokyo, Japan). All P-values were two-sided, and significance was defined as Po0.05 for all analyses.
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Ethical considerations
The ethics committee of the institute approved this study and all participants provided written informed consent. Table 1 shows the baseline characteristics of diabetic patients in the higher or lower baPWV groups. The baseline characteristics of nondiabetic patients are also shown as a reference sample. The median follow-up period was 25.4 months (interquartile range 17.5 to 35.4 months). Patients with higher baPWV were older, thinner and had more decreased renal function than those with lower baPWV. The proportions of male gender and dyslipidemia were higher in patients with lower baPWV. Furthermore, hypertension and congestive heart failure on arrival were more frequently observed in the higher baPWV group. There were no significant differences between the two groups in presentation at the initial visit, history of CAD, ejection fraction, lipid values, glycated hemoglobin A1c value and fasting plasma glucose value. Figure 1 shows the correlations between baPWV and renal function or number of diseased vessels in all patients with CAD (a and c) and in diabetic patients with CAD (b and d). A greater reduction in renal function was significantly associated with increased baPWV in all patients and in diabetic patients. Furthermore, the number of diseased vessels correlated significantly and positively with the baPWV value, and the correlation was stronger when evaluating only diabetic patients.
RESULTS
Baseline characteristics
Therapeutic strategy and medications
As shown in Table 2 , the therapeutic strategies used and medications taken were similar between the two groups, with the exception of Ca channel blocker, which was more often prescribed to patients with higher baPWV.
Clinical outcomes
During a median follow-up of 25.4 months, the primary and secondary end points were observed in 2 (2.1%) and 22 (23.2%) patients, respectively, in the diabetic population with lower baPWV, and 10 (10.4%) and 37 (38.5%) patients in the diabetic population with higher baPWV (Table 3 ). The 3-year Kaplan-Meier estimates of survival rates for the diabetic population were 97.8% for patients with lower baPWV and 85.0% for patients with higher baPWV (logrank P¼0.019). The 3-year cardiovascular event-free survival rates in diabetic patients with higher baPWV, lower baPWV and nondiabetic patients were 51.3, 72.8 and 80.8%, respectively (log-rank Po0.001 for trend) (Figure 2 ). The comparison between diabetic patients with higher baPWV and lower baPWV also reached statistical significance (log-rank P¼0.031), but there were no significant differences in cardiovascular event-free survival between nondiabetic patients and diabetic patients with lower baPWV (log-rank P¼0.141). Thus, the short-term prognosis for diabetic patients with CAD, but without higher baPWV, was similar to that of nondiabetic patients with CAD. The 3-year Kaplan-Meier estimates of cardiovascular event-free survival rate among the nondiabetic CAD patients, who were divided into two groups (the higher and lower baPWV), were also analyzed. Among CAD patients without diabetes, there were no significant differences in cardiovascular event-free survival rates between the higher and lower baPWV group (Supplementary Figure 1) . We also evaluated the prognosis by dividing the patients into two groups, namely patients with acute coronary syndrome and stable angina pectoris including vasospastic angina (Supplementary Figure 2) .
A multivariate Cox proportional hazard analysis showed that a higher baPWV (the median of baPWV 1730 cm s -1 or more) was significantly associated with poorer clinical outcome (hazard ratio 1.97, 95% confidence interval 1.01 to 3.84, P¼0.046) compared with the lower baPWV in the diabetic population with established CAD.
DISCUSSION
Despite advances in the treatment of cardiovascular diseases, CAD patients with diabetes have poorer clinical outcomes and more frequently suffer adverse cardiovascular events without any symptoms than nondiabetic patients. [5] [6] [7] [14] [15] [16] Furthermore, the frequency of diabetes among patients with established CAD is quite high (30-50%). 4 It is therefore necessary to risk stratify diabetic CAD patients and to treat risk factors for secondary prevention. This study revealed that the extent of arterial stiffness, as measured by the baPWV, was significantly associated with short-term prognosis. The noninvasive, automated and user-friendly nature of baPWV assessment and its ability to improve cardiovascular risk stratification indicates that baPWV could be a useful index for short-term prognosis in clinical practice. On the basis of the baPWV, patients with diabetes and CAD were reclassified into higher-or lower-risk baPWV and risk stratification in diabetic CAD M Nakamura et al categories. Furthermore, the present findings revealed a need for more aggressive treatment and careful follow-up in CAD patients with both diabetes and advanced arterial stiffness, because this population has a twofold risk for 3-year cardiovascular events.
Coronary atherosclerosis and diabetes
An earlier population-based autopsy study provided important insights into the relationship between diabetes and coronary atherosclerosis, revealing that among diabetic decedents without clinical CAD, almost three-fourths had high-grade coronary atherosclerosis and more than half had multivessel disease. 31 Molecular and pathophysiological studies showed that insulin resistance is associated with a pathway-specific impairment in phosphatidylinositol 3-kinase- baPWV and risk stratification in diabetic CAD M Nakamura et al dependent signaling, which may cause an imbalance between the production of nitric oxide and the secretion of endothelin-1 in the endothelium, decreasing blood flow and leading to endothelial dysfunction. 32 Meanwhile, hyperglycemia is associated with systemic inflammation and oxidative stress, which may contribute to the accelerated form of atherosclerosis. Impaired endothelial-dependent relaxation 33 and increasing deposition of fibrous 34 and calcified tissue 35 in the arterial wall may, therefore, restrict arterial wall expansion. Furthermore, intravascular ultrasound findings also showed that the presence of diabetes was associated with a greater atherosclerotic burden and impaired compensatory remodeling of the artery wall. 36 In this study, a higher baPWV was significantly associated with an increasing number of diseased vessels in both CAD patients and CAD patients with diabetes, suggesting that baPWV may reflect the severity of CAD in the diabetic population. Although the duration and extent of diabetes appear to influence atherosclerosis levels and the prognosis in diabetic CAD patients, this study revealed that the baPWV, an index of arterial stiffness, can predict the prognosis in this population. Without available information on the duration of diabetic history, baPWV can become an alternative tool for risk stratification for short-term outcomes.
CAD and diabetes
The present results indicate that in CAD patients with both diabetes and higher baPWV, a stricter treatment regimen and more careful follow-up are needed, whereas the short-term prognosis for diabetic patients with established CAD but with lower baPWV was similar to that of nondiabetic CAD patients. The present results showing that a higher baPWV was significantly associated with a poorer indicate that baPWV should be taken into consideration as a useful index for risk stratification in diabetic CAD patients. In addition, this risk stratification index can become a motivating factor for patients to change their lifestyle and pharmacotherapy to achieve near-normal glycated hemoglobin A1c and to address the modification of other risk factors (for example, physical activity, weight management, blood pressure control and cholesterol management). 37, 38 Many secondary prevention strategies exist to reduce the burden of cardiovascular diseases, including glycemic control and the control of nonglycemic risk factors through blood pressure control, lipid lowering with statin therapy, aspirin therapy, angiotensin-converting enzyme inhibitors, smoking cessation and lifestyle modifications (for example, weight, medical nutrition therapy, physical activity). 11, 13 Intensive glycemic control may be beneficial for the prevention of cardiovascular disease early in the course of type 2 diabetes, but has minimal or no benefit in cases of advanced atherosclerosis. 8, 10 Therefore, intensive glycemic control may not improve the prognosis in diabetic CAD patients with higher baPWV. Intensive statin treatment may regress coronary atherosclerosis, but might not be effective in patients with diabetes. 36, 39, 40 There is an ongoing need to develop additional therapies with the aim of reducing the atherosclerotic burden and inhibiting cardiovascular events in CAD patients with both diabetes and advanced arterial stiffness.
The evaluation of the mechanisms underlying the association of baPWV with the prognosis of CAD patients with diabetes was beyond the scope of this study but there are several possible explanations for this association. Arterial stiffening could result in a rise in pulse pressure, causing an increase in the cardiac afterload and a decrease in coronary blood flow, 41, 42 ultimately leading to myocardial ischemia. Also, patients with increased arterial stiffness are more likely to have left ventricular diastolic dysfunction. 43 Furthermore, the increased arterial stiffness amplifies the pulsatility of arterial blood pressure in fragile capillaries and can lead to organ damage, in particular in high-blood flow, low-resistance organs, such as the brain and kidney. 41, 42 CAD patients with diabetes show a more significant increase in baPWV than those without diabetes, which could contribute to the association of baPWV, an index of arterial stiffness, with prognosis. Although the mechanisms remain unclear, this study suggests that baPWV can be a risk stratification index in CAD patients with diabetes.
Limitations
This study has several limitations. First, the present findings were based on a single-center study, and the sample size was relatively small. The present results, therefore, need to be confirmed in multicenter studies with larger populations including other ethnic groups. Furthermore, the study did not include information on the duration of diabetes and lifestyle management with regard to diet and exercise during follow-up. These confounders might influence the prognosis in this population. In addition, blood pressure and baPWV values in this study were obtained on office visits or admission and baPWV values are dependent on blood pressure and its changes, which should have been evaluated before the administration of antihypertensive medication. A lack of morning blood pressure values without antihypertensive medications was therefore an important limitation of the study. Figure 2 Kaplan-Meier cardiovascular event-free survival curves. KaplanMeier cardiovascular event-free survival curves based on results obtained with the lower or higher brachial-ankle pulse wave velocity (baPWV) groups (lower than a median baPWV of 1730 cm s -1 (group 2) or higher (group 3)) in diabetic patients with coronary artery disease (CAD). Kaplan-Meier cardiovascular event-free survival curve for nondiabetic patients with CAD is also shown, using these patients as a reference group (group 1). The cardiovascular events were defined as the composite of death, nonfatal myocardial infarction, repeat revascularization or readmission for heart failure. DM, diabetes mellitus.
baPWV and risk stratification in diabetic CAD M Nakamura et al Hence, the accuracy in the classification of baPWV needs to be considered with caution, and the influence of individual blood pressure changes could not be evaluated accurately. Finally, we investigated the short-term prognosis and the long-term outcomes remain uncertain. However, we believe that risk stratification of shortterm prognosis with baPWV can help target careful follow-up and more intensive medication therapy for patients at higher risk for future cardiovascular events in diabetic patients with established CAD.
In conclusion, our study demonstrated that an increase in arterial stiffness (baPWV 1,730 cm s -1 or more) was significantly associated with poorer short-term prognosis, with a hazard ratio of 2.0 compared with lower baPWV in diabetic CAD populations. The present findings suggest that the baPWV, a marker for arterial stiffness obtained by noninvasive and user-friendly devices, may serve as a useful index to identify high-risk groups for short-term prognosis in CAD patients with diabetes in clinical practice.
